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EMBRYONIC DEVELOPMENT
Tanner Jergensen, Danielle Cusmano and Nicole M. Roy, Ph.D.
Sacred Heart University, Department of Biology, Fairfield CT
Abstract

Introduction and Hypothesis

Di-n-Butyl phthalate (DBP) is a high production volume plasticizer added to increase the
flexibility of synthetic polymers. DBP is found in a variety of everyday items like food
packaging, cosmetics, cleaning materials, lubricants, waxes and insecticides. DBP readily
leaches from products into soil and groundwater and its ubiquitous presence in the
environment has lead the European Commission to label DBP as a priority substance.
Sediment and water analysis has noted high levels of DBP and the endocrine disrupting
effects of DBP are well noted. Given the widespread uses of and exposure to DBP, studies
on developmental toxicity are needed. To that end, we sought to investigate the
developmental effects of DBP exposure during early development utilizing the zebrafish
vertebrate model system. We treated gastrula staged embryos with increasing
concentrations of DBP and noted concentration dependent defects in craniofacial
development, but the effect was specific with no other developmental defects noted.
Overall cranial size in DBP treated embryos, as measured vertically from cranial vault tip to
jaw and horizontally from nose to pectoral fin, was significantly less than controls, but the
intraocular distance was increased. Subsequent analysis of jaw bone development
demonstrated loss of and/or disorganization of cartilage development with concomitant
defects in vascular innervation and neuronal patterning. Furthermore, vascularization of
the cranial cavity also became disorganized or completely lost. We conclude that DBP, at
environmentally relevant doses, is toxic to craniofacial development in zebrafish.

Research Methodology

Phthalates comprise a large chemical family utilized in numerous household products including synthetic leather, vinyl
flooring, blood transfusion bags, adhesives, soaps, shampoos, cosmetics, nail polishes, pharmaceuticals and food packaging
(Schetter, 2006). Specifically, phthalates are utilized to provide plasticity to rigid materials allowing for more pliability and act
as lubricants as well as solvents. Globally, more than three million metric tons of phthalates are produced. Although
phthalates demonstrate various biotic and abiotic degradation pathways, concerning concentrations are routinely found in
aquatic ecosystems, soil and groundwater as phthalates readily leach from products. Several studies have detected DBP
levels in aquatic environments at mg/L and in soil and sediment at mg/kg levels (Xu et al., 2015). DBP’s ubiquitous presence
in the environment has lead the European Commission to label DBP as a priority substance and the US EPA as a priority
environmental pollutant.
Common routes of exposure to phthalates include ingestion, inhalation and absorption through the skin and phthalates
have been detected in human breast milk and blood plasma. The endocrine disrupting effects of DBP have been noted.
Differentiation of male gonads was adversely effected by DBP in Rana rugose tadpoles and negative effects on
spermatogenesis on Xenopus laevis tadpoles were noted at 0.1µM (Oehlmann et al., 2009). Enhanced estrogenic activity in
zebrafish has also been reported (Chen et al., 2014). Recently, the immunotoxicity of DBP on zebrafish was assessed and
found to inhibit neutrophils and macrophage formation (Xu et al., 2015).
Currently, there is limited data regarding exposure to DBP during the windows of embryonic development. Here we seek
to investigate the effects of DBP during early development and hypothesize that DBP treatments will negatively affect the
developing body.

Male and female adult zebrafish were mated in standard
crossing tanks. Externally fertilized eggs were collected and
treated in glass petri dishes. Image: www.fac.org.ar

Embryo clutches were split into control and DBP treatment
groups. Embryos were treated prior to the onset of
gastrulation and treated continuously until 96hpf.
Image:http://www.mun.ca/biology/desmid/brian/BIOL3530/DEVO_03/ch03f09.jpg

An LC50 was performed and
determined to be 5µM. We chose a
concentration below the LC50 that
demonstrated a phenotype, but was
not lethal to any embryos (2.5µM).
At 96hpf, control and DBP treated
embryos were subjected to
ü Live measurements of cranial
size
ü Alcian Blue staining of jaw
cartilage
ü RMO44 anti-acetylated
tubulin staining of neuronal
innervation of the jaw
ü Live fli-1 egfp imaging of jaw
vasculature
ü Live fli-1 mCherry imaging of
neuronal vascularization

Results

Figure 1: DBP induces neural and craniofacial defects. Control embryos
in lateral (A) or dorsal (B) views at 96hrs. DBP treated embryos (C-F)
demonstrate decreased cranial development and jaw defects (arrows) with a
range of phenotypes from moderate (C,D) to severe (E,F). Eyes appear
smaller and intraocular distance altered.

Table 1: DBP induces neural and craniofacial defects. Control
and DBP treated embryos were measured from the tip of the cranial
vault to the bottom of the jaw (A, red dotted line) and from the
nose tip to the pectoral fin (B, white dotted line) as well as the
intraocular distance (B, yellow dotted line) and the distance from
lens to lens (B, blue dotted line). DBP treatment caused a
significant reduction in all measurements except the intraocular
distance which was increased in DBP treated embryos. Trial 3, n
per trial: 10, total n: 30.

Figure 2: DBP induces loss of and/or disorganization of jaw cartilage development. Alcian blue staining at 96hrs showing
cartilage structure in control embryos in ventral (A,C) and lateral views (B,D). Anatomy as shown: M: Meckel’s cartilage, pq:
palatoquadrate, ch: ceratohyal, cb: ceratobranchial, bh: basihyal, hs: hyosymplectic, e: ethmoid plate, oa: occipital arch, pp:
pterygoid process of the palatoquadrate. DBP treatments show disorganization and/or loss of cartilage (E-H).

Figure 3: DBP induces loss of and/or disorganization of neuronal innervation of the jaw. RMO44 anti-acetylated tubulin
immunohistochemistry at 96hrs showing neuronal innervation in control embryos in ventral (A,C) and lateral views (B,D). Anatomy as
shown: IV: Trochlear nerve innervating intraocular muscles, V: Trigeminal nerve innervating the 1st branchial arch (Mandibular arch),
VII: Facial nerve innervating the 2nd branchial arch (Hyoid arch), nX: gill arch motor axons innervating muscles derived from the
mesenchyme of the fourth, fifth, and sixth branchial arches, pll: posterior lateral line nerve, SCMN: spinal cord motor neuron.. DBP
treatments show disorganization and/or loss of neural patterning (E-H).

Conclusions and Future Directions
CONCLUSIONS: Here we utilize a commonly used ingredient found in plastics at sublethal concentrations. Embryos
treated with 2.5µM of Di-n-butyl phthalate before the onset of gastrulation and tested at 96hpf demonstrate:
ü A decrease in the size of the cranial vault as measured from the tip of the cranial cavity to the base of the jaw, a
decrease in the length of the cranium from the tip of the nose to the pectoral fin, a decrease in the distance from
lens to lens, but an increase in the intraocular distance
ü A loss of and/or disorganization of the jaw cartilage as determined by Alcian Blue staining
ü A loss of and/or disorganization of neuronal innervation of the jaw as determined by RMO44 anti-acetylated
tubulin immunohistochemistry
ü A loss of and/or disorganization of vascularization of the jaw and the brain as determined by live fli-1 transgenics
Figure 4: DBP induces loss of and/or disorganization of vascular innervation of the jaw. Live transgenic fli-1 egfp expression at 96hrs
showing vasculature in control embryos in ventral (A,C) and lateral views (B,D). Anatomy as shown: AA1’: Mandibular Arch, AA2’:
Hyoid Arch, AA3’: 1st branchial arch, AA4’: 2nd branchial arch, AA5’: 3rd branchial arch, AA6’: 4th branchial arch, ORA: Opercular
artery, HA: Hypobranchial artery. DBP treatments show disorganization and/or loss of vasculature (E-H).
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Figure 5: DBP induces loss and disorganization of neural vascularization. Live transgenic fli-1 mCherry expression at 96hrs
showing neural vasculature in control embryos in dorsal view (C.) anterior to the left. Anatomy as determined by the Interactive
Atlas of Zebrafish Vascular Anatomy, A: Top overlay, B: upper middle overlay. DBP treatments (D,E) show disorganization and loss
of neuronal vasculature.
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Thus, we conclude at environmentally present concentrations that are non-lethal to zebrafish, DBP is teratogenic to
craniofacial development.
FUTURE DIRECTIONS: We are quite interested in the eye phenotypes noted during our treatments and our future
studies will focus on DBP effects on eye development from 24-96hpf.
ü Investigate effects of DBP on the optic nerve and retinal ganglion cells with a zn-8 antibody
ü Investigate the development of the neural tube and the neural retina during exposure to DBP

1

